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Abstract
The unprecedented opportunities to collect data about learning and contexts in which learning occurs has
attracted great attention in education. The use of data analytics and machine learning methods have offered
much potential to address many relevant questions in education. This talk will focus on the use of learning
analytics to measure 21st-century skills in education and outline the types of data commonly used. It will also
discuss approaches that are used for analysis and modelling of relevant learning processes and outline the
ways in which learning analytics can be used to track learning progression and how the validity of the findings
with data analytics is assured. Numerous empirical studies will be drawn upon to look at self-regulated learning,
learning strategies, and problem solving in individual and group activities.
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Introduction

Case study: Measurement of
collaborative problem solving

The ability to collaborate, solve problems, seek
information, critically and creatively think, and effectively
self-regulate learning are just some of the examples
of the skills now known as 21st-century skills (Griffin,
McGaw, & Care, 2012). Their importance has been
highlighted in policy and research frameworks and
many employers have clear expectations about these
skills, which are necessary for different jobs. To possess
these skills also allows equitable participation in modern
society and access to different public services. In
response to these demands, education institutions on
all levels have a range of programs that support the
development of these skills.

Collaborative problem-solving (CPS) offers several
advantages over individual problem-solving
approaches. In essence, working collaboratively
on complex problems is now a fundamental part of
contemporary life, work, and society (Griffin et al., 2012;
National Research Council (US), 2011). For example,
collaborative solutions are often more creative as they
are built upon expertise, information, and knowledge
from multiple (complementary) perspectives (Graesser
et al., 2018). Yet, successful collaboration does not
always happen and requires certain conditions to be
met to enable for productive group work. CPS can be
ineffective due to the influence of an uncooperative
teammate or a counterproductive group composition
(Yong, Sauer, & Mannix, 2014). At the same time,
effective leadership can help overcome many challenges
a group may face and ensure that all members can
productively contribute to CPS outcomes (Graesser et
al., 2018).

With the growing attention of policymakers and
employers, sophisticated approaches to the
measurement of 21st-century skills have also been
proposed (Wilson & Scalise, 2015). However, there
has been much less advancement in measurement
approaches that track the progress of 21st skill
development ‘in the wild’; that is, in authentic learning
and working environments. For example, measurement
of (complex and collaborative) problem-solving has
been done by the Organisation for Economic and
Co-operation and Development (OECD) through the
Programme for International Student Assessment
(PISA). However, PISA is undertaken in highly controlled
conditions in which a) only predefined messages
could be used for communication among human
collaborators (Rosen & Foltz, 2014) and b) actual
collaboration is assessed through joint work between
humans and computer agents to control for possible
issues associated with human–human collaboration
(e.g. uncooperative or incompatible collaborator)
(Rosen, 2014). Moreover, very little work has been
completed in learning environments where pedagogical
models can range from very structured approaches
to collaborative learning to those where collaboration
emerges due to the problems identified by individuals
who seek help from their peers in their classes or from a
broader social network.

To support their development and assessment, several
models of CPS skills have been proposed (Hesse,
Care, Buder, Sassenberg, & Griffin, 2015; OECD,
2013). The CPS literature mainly defines CPS skills
as a collection of two domains – cognitive and social
(Griffin et al., 2012). The cognitive domain is typically
related to the existing literature on problem-solving and
self-regulated learning (Griffin et al., 2012) and includes
skills for task regulation and knowledge building. The
social domain is focused on the skills necessary for
productive collaboration (OECD, 2013). For example,
Hasse et al. (2015) posit that social skills of CPS
include participation, perspective taking, and social
regulation. CPS is also defined in the well-known model
of communities of inquiry that identifies social and
cognitive presence of learners (Garrison & Arbaugh,
2007). Rather than thinking of CPS as a collection of
isolated social and cognitive skills, the literature on
computer-supported collaborative learning suggests
that being an effective collaborator means performing
well in a role (Dillenbourg, Järvelä, & Fischer, 2009). A
role is an ensemble of cognitive and social skills that
assume interactions with the right people at the right
times and in the right ways.

Learning analytics offers promising approaches that can
be leveraged to address measurement of 21st skills in
authentic settings (Buckingham Shum & Deakin Crick,
2016). Learning analytics harnesses the potential of big
data – collected as the digital footprint of learners’ use
of technology – to develop measurement techniques, by
working at the intersection between machine learning,
measurement science, and the learning sciences.
Recent research has offered promising improvements
in the measurement validity of learning analytics to
provide reliable means for developmental assessment
of 21st-century skills. This paper will outline a case
study that demonstrate the use of learning analytics for
developmental assessment of collaborative problemsolving as a 21st-century skill.
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Learning analytics offers promising approaches
that can enable the measurement of CPS in ‘in the
wild’. Measurement is performed into two phases:
i) identification of traces of cognitive and social
dimensions of CPS; and ii) measurement of CPS skill
development by combining the identified traces over
time. First, traces of both dimensions of CPS can be
identified through automated analysis of transcripts of
conversations learners may have. These conversations
can be both online (social media, chats, or discussion
boards) and face-to-face (transcribed recording or
automatically recognized speech). Transcripts of such
conversations can automatically be analysed with
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Figure 1 Epistemic network analysis of the association between cognitive and
social presence in communities of inquiry: the epistemic network between
phases of cognitive presence (capital letters) and indicators of social presence
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Figure 2 Epistemic network analysis of the association between cognitive and
social presence in communities of inquiry: trajectory analysis of the students
in the four conditions across four weeks of discussions – expert-control (red),
expert-treatment (purple), practicing researcher-control (blue), and practicing
researcher-treatment (green)
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Conclusions

artificial intelligence-driven techniques to detect traces
of cognitive and social dimensions of collaboration.
For example, Kovanović et al. (2016) developed an
automated classifier for automatic coding of discussion
messages, with the coding scheme used to identify
occurrences of different phases of cognitive presence
in online discussions. The evaluation of Kovanović et
al. (2016) demonstrated high levels of accuracy for
messages in the English language. The high level of
accuracy was further corroborated by Neto et al. (2018)
for messages written in Portuguese.

The case study introduced in this paper highlights some
promising aspects of the use of learning analytics for
measurement of 21st-century skills. Several points
however need to be raised (Gašević, 2018). First,
learning analytics at the stage of development offers
promising measurement approaches that can be used
for assessment for learning, rather than assessment of
learning. Second, measurement approaches utilised in
learning analytics need to be scrutinised against similar
validity standards as commonly done in measurement
science (Messick, 1995). Third, certain conditions needs
to be built to assure the quality of data used by learning
analytics, which directly impact the quality of the results
produced in learning analytics. If learning tasks are
inadequately designed and/or conditions in which data
collection happens do not create conditions for learners
to demonstrate skills measured, the value of learning
analytics will be limited. Finally, future work is needed
to establish validity, reliability and use frameworks for
learning analytics when applied for measurement of
21st-century skills.

Second, measurement of CPS skill development (i.e.,
progression) requires techniques that can ensemble
the identified traces of cognitive and social dimensions
and analyse the progress over time. Epistemic network
analysis (ENA) can be applied to these tasks (Shaffer,
Collier, & Ruis, 2016). ENA is based on the theory of
epistemic frames (Shaffer, 2006), which posits that
expertise in complex domains is not as a set of isolated
processes, skills, and knowledge, but as a network
of connections among knowledge, skills, values, and
decision-making processes. Specifically, epistemic
networks in ENA are built by looking at the cooccurrence of the codes in collaborative discourse.

References

To measure CPS and analyse track progression in
CPS skill development, ENA was applied to combine
phases of cognitive presence (i.e. triggering events,
exploration, integration, resolution) and indicators of
social presence (13 indicators categorised in general
three categories – interactive, affective, and group
cohesion) as proposed in the model of communities
of inquiry (Rolim, Ferreira, Lins, & Gaševć, 2019). The
epistemic network in Figure 1 shows that the lower
levels of cognitive presence (triggering event) were
more connected with the indicators of the interactive
category of social presence (e.g. asking questions or
continuing a thread), while higher levels of cognitive
presence (integration and resolution) were linked
with the indicators of the affective category of social
presence (e.g. use of humour or self-disclosure). The
ENA also enabled unveiling of the difference in the
links between social and cognitive presences of the
students who were in different intervention groups (i.e.
discussion scaffolded with external standards about the
quality expectations versus only the expectation about
the quantity of messages) and different roles assigned
(experts and practicing researchers). The trajectory
analysis diagram in Figure 2 indicates that the students
who were only required to submit a set number of
messages in the role of researcher did not make much
progress in their cognitive inquiry across four weeks of
discussions; that is, they did not move towards the left
to reach integration and resolution phases of cognitive
presence. For the other three groups, evidence of the
progress was noted.

Australian Council for Educational Research

Buckingham Shum, S., & Deakin Crick, R. (2016).
Learning analytics for 21st century competencies.
Journal of Learning Analytics, 3(2), 6–21. doi:
10.18608/jla.2016.32.2
Dillenbourg, P., Järvelä, S., & Fischer, F. (2009).
The evolution of research on computer-supported
collaborative learning. In D. N. Balacheff, D. S.
Ludvigsen, D. T. de Jong, D. A. Lazonder, & D.
S. Barnes (Eds.), Technology-enhanced learning
(pp. 3–19). Retrieved from http://link.springer.com/
chapter/10.1007/978-1-4020-9827-7_1
Garrison, D. R., & Arbaugh, J. B. (2007). Researching
the community of inquiry framework: Review,
issues, and future directions. The Internet and
Higher Education, 10(3), 157–172. doi: 10.1016/j.
iheduc.2007.04.001
Gašević, D. (2018, August). Can learning analytics offer
meaningful assessment? Keynote presented at the
9th Biennial Conference of EARLI SIG1 Assessment
and Evaluation, Helsinki, Finland.
Graesser, A. C., Foltz, P. W., Rosen, Y., Shaffer, D. W.,
Forsyth, C., & Germany, M-L. (2018). Challenges
of assessing collaborative problem solving. In E.
Care, P. Griffin, & M. R. Wilson (Eds.), Assessment
and teaching of 21st century skills – research and
applications (pp. 75–91). Cham: Springer.

49

Research Conference 2019

Rolim, V., Ferreira, R., Lins, R. D., & Gašević, D. (2019).
A network-based analytic approach to uncovering
the relationship between social and cognitive
presences in communities of inquiry. The Internet
and Higher Education, 42, 53–65. doi: 10.1016/j.
iheduc.2019.05.001

Griffin, P., McGaw, B., & Care, E. (Eds.). (2012).
Assessment and teaching of 21st century skills.
Retrieved from http://link.springer.com/10.1007/97894-007-2324-5
Hesse, F., Care, E., Buder, J., Sassenberg, K., & Griffin,
P. (2015). A Framework for Teachable Collaborative
Problem Solving Skills. In P. Griffin & E. Care (Eds.),
Assessment and teaching of 21st century skills (pp.
37–56). doi: 10.1007/978-94-017-9395-7_2

Rosen, Y. (2014). Comparability of conflict opportunities
in human-to-human and human-to-agent online
collaborative problem solving. Technology, knowledge
and learning, 19(1–2), 147–164. doi: 10.1007/
s10758-014-9229-1

Kovanović, V., Joksimović, S., Waters, Z., Gašević,
D., Kitto, K., Hatala, M., & Siemens, G. (2016).
Towards automated content analysis of
discussion transcripts: A cognitive presence case.
Proceedings of the sixth international conference
on learning analytics & knowledge, pp. 15–24. doi:
10.1145/2883851.2883950

Rosen, Y., & Foltz, P. W. (2014). Assessing collaborative
problem solving through automated technologies.
Research and Practice in Technology Enhanced
Learning, 9(3), 389–410.
Shaffer, D. W. (2006). Epistemic frames for epistemic
games. Computers & Education, 46(3), 223–234. doi:
10.1016/j.compedu.2005.11.003

Messick, S. (1995). Standards of validity and the
validity of standards in performance assessment.
Educational Measurement: Issues and Practice,
14(4), 5–8. doi: 10.1111/j.1745-3992.1995.
tb00881.x

Shaffer, D. W., Collier, W., & Ruis, A. R. (2016). A
tutorial on epistemic network analysis: Analyzing the
structure of connections in cognitive, social, and
interaction data. Journal of Learning Analytics, 3(3),
9–45. doi: 10.18608/jla.2016.33.3

National Research Council (US). (2011). Assessing 21st
century skills: Summary of a workshop. Retrieved
from http://www.ncbi.nlm.nih.gov/books/NBK84218/

Wilson, M., & Scalise, K. (2015). Assessment of learning
in digital networks. In P. Griffin & E. Care (Eds.),
Assessment and teaching of 21st century skills (pp.
57–81). doi: 10.1007/978-94-017-9395-7_3

Neto, V., Rolim, V., Ferreira, R., Kovanović, V., Gašević,
D., Dueire Lins, R., & Lins, R. (2018). Automated
analysis of cognitive presence in online discussions
written in Portuguese. In V. Pammer-Schindler, M.
Pérez-Sanagustín, H. Drachsler, R. Elferink, & M.
Scheffel (Eds.), Proceedings of the 13th European
conference on technology enhanced learning (pp.
245–261). Springer International Publishing.

Yong, K., Sauer, S. J., & Mannix, E. A. (2014).
Conflict and creativity in interdisciplinary teams.
Small Group Research, 45(3), 266–289. doi:
10.1177/1046496414530789

OECD. (2013). PISA 2015 collaborative problem solving
framework. Retrieved from OECD website: from
https://www.oecd.org/pisa/pisaproducts/Draft%20
PISA%202015%20Collaborative%20Problem%20
Solving%20Framework%20.pdf

Australian Council for Educational Research

50

Research Conference 2019

